Liver cirrhosis is the end stage of liver disease, and presents various clinical manifestations, including thrombocytopenia, prolonged prothrombin time (PT), ascites, encephalopathy, and variceal bleeding. As the survival rate of patients with liver cirrhosis has increased over the years, physicians have encountered more complications and complex clinical situations in cases of liver cir-
INTRODUCTION
Liver cirrhosis is the end stage of liver disease, and presents various clinical manifestations, including thrombocytopenia, prolonged prothrombin time (PT), ascites, encephalopathy, and variceal bleeding. As the survival rate of patients with liver cirrhosis has increased over the years, physicians have encountered more complications and complex clinical situations in cases of liver cir-http://www.e-cmh.org http://dx.doi.org/10.3350/cmh.2014.20.4.384 rhosis. One common problem yet to be solved is thrombosis of the portal vein. Portal vein thrombosis (PVT) occurs at a rate of 5-26% in different groups of PVT patients, and the occurrence increases as liver disease progresses. 1, 2 It may potentially lead to hepatic decompensation by increasing portal hypertension and the risk of variceal bleeding, and by decreasing liver perfusion. 3, 4 Furthermore, the extension of PVT may increase surgical complexity, which is associated with a high risk of perioperative morbidity and mortality, or exclude patients from transplantation. 5 Nevertheless, there are no established treatment guidelines or a consensus about PVT at present, and the efficacy of anticoagulation treatment remains unclear. Several control studies have evaluated that anticoagulation might be effective for treating cirrhosis with nonmalignant PVT only. Because only four studies have reported anticoagulation treatment in patients with cirrhosis and PVT, excluding cases of mesenteric venous thrombosis, [6] [7] [8] [9] we sought to evaluate the clinical implications of anticoagulation treatment in patients with cirrhosis and non-malignant PVT. A propensity score is the probability that a patient receives a particular treatment considering a set of observed covariates. Propensity score matching can be used to reduce selection bias by matching patients based on these covariates, which in this case are the different severities of liver cirrhosis. 10, 11 The present study aimed to assess the efficacy and safety of anticoagulation therapy using warfarin in patients with non-malignant PVT based on the severity of liver cirrhosis. To adjust for the selection bias inherent in retrospective observational studies, propensity score matching was performed. 10, 11 The hypothesis of this study was that warfarin therapy would affect the recanalization of non-malignant PVT favorably and safely in patients with liver cirrhosis.
MATERIALS AND METHODS

Patients
Patients who developed PVT from April 2003 to June 2014 at Seoul National University Bundang Hospital were considered eligible for the study. Before enrollment, all patients treated with warfarin had their medical records thoroughly reviewed based on our hospital's electronic medical record system (BESTCARE). Patients with liver cirrhosis who were diagnosed with PVT were included in the study. Liver cirrhosis was diagnosed by a clinician on the basis of findings of laboratory and imaging studies, and PVT was confirmed by two distinct radiology specialists using multidetector computed tomography (CT). Patients with malignant PVT, underlying primary hematologic disorders, Budd-Chiari syndrome, membranous obstruction of the inferior vena cava, or pre-existing extrahepatic thrombosis were excluded. Patients who had been lost to follow-up were also excluded from the analysis.
Data of demographics, liver disease etiology, durations and doses of warfarin, history of heavy alcohol drinking, history of gastrointestinal bleeding, and presence of malignancy were collected from the BESTCARE medical record system for all patients. Clinical, laboratory, and radiologic data were collected just before the initiation and cessation of anticoagulation treatment. Laboratory data, such as aspartate transaminase (AST) level, alanine transaminase (ALT) level, bilirubin level, platelet count, PT, and albumin and creatinine levels at the time of PVT diagnosis were collected, as well as those at the last follow-up. Accompanying ascites, longest diameter of thrombus, and thickness of the spleen were evaluated using abdominopelvic CT. SI was calculated by multiplying longest width, thickness of spleen in coronal CT image and length of spleen in sagittal CT image. (Splenic Index [SI]) = Splenic width × splenic thickness × splenic length [cm 3 ]) Initiation of warfarin treatment was decided by a clinician, and started as soon as possible whenever definite non-malignant thrombosis was diagnosed. The cessation of treatment was decided after evaluation of the effects of anticoagulation therapy on thrombosis within at least three months follow-up using CT, and the follow-up imaging studies were performed depending on underlying disease. The study was approved by the internal review board and ethics committee of our institution.
Definition
Non-malignant thrombosis was defined as the absence of malignant thrombosis features, such as an irregular expansile pattern of growth, suspicious arterial enhancement and ballooning, or direct invasion of the adjacent portal vein by malignant tumor. Heavy alcohol use was classically defined as a daily alcohol intake of more than 80 g in men and more than 40 g in women. The longest diameter of the main thrombus was measured from one representative transverse CT image. The time between the first detection of thrombosis by imaging studies and the introduction of anticoagulation therapy was identified. The duration of thrombosis was defined as the time between first detection and the initiation of anticoagulation therapy. The response to warfarin or the natural course of the thrombus was evaluated based on changes in diameter at scheduled follow-up assessments. Complete resolution was defined as disappearance of all evidence of thrombosis, as determined by transverse CT images. Partial resolution was defined as at least a 30% reduction in the long diameter of the main thrombus, that is, more than a 50% decrease in cross-sectional area without evidence of the appearance of new thrombi. Patients with complete or partial resolution were regarded as responders in the warfarin treatment group. Non-response was defined as a decrease in thrombus size that did not qualify for partial resolution, or as a progression of thrombosis or the appearance of new thrombus.
Statistical analyses
To adjust for potential confounding resulting from significant differences in baseline liver function, propensity score matching was used to select the patients in the untreated control group. The propensity score of each patient in the warfarin treatment group was calculated using the Child-Pugh score, AST-to-platelet ratio index (APRI) and diameter of thrombus by software package R, version 3.1.1 (R Development Core Team, 2014). Matching was performed by selecting untreated patients and looking for a control patient with the nearest logit-transformed propensity score. The balance of matching variables was assessed by formal statistical comparison: Kolmogorov-Smirnov test for those continuous variables.
To compare continuous numeric variables between the groups for descriptive analysis, a Mann-Whitney test was performed for all numerical variables. Categorical variables were analyzed by the chi-square test or Fisher's exact test. Fisher's exact test was used to compare the response of anticoagulation between the groups using SPSS software, versions 20.0 (SPSS, Inc., Chicago, IL, USA). A P-value of < 0.05 was considered statistically significant.
RESULTS
Characteristics of the study population
In the warfarin treatment group, six patients met exclusion criteria, and one patient was lost to follow-up. Eventually, fourteen cirrhotic patients with non-malignant PVT were enrolled in the warfarin treatment group. Fourteen of 72 eligible untreated patients with non-malignant thrombosis, who were individually matched against the warfarin treatment group using propensity score matching, were enrolled in the control group. A total of 28 patients were finally analyzed (Fig. 1) . The relevant baseline characteristics of the enrolled patients are showed in Table 1 . After propensity matching, differences of the initial spleen thickness, the SI, and the prevalence of prior HCC treatment between the groups decreased. The calculated SI of patients in the warfarin treatment group was greater than those of patients in the control group, but this difference was not statistically significant.
Thrombosis was detected only in one portal vein branch (i.e. the main portal vein) in half of both groups, but about 35% of cirrhotic patients in the warfarin treatment group had thrombi in two or more portal veins ( Table 2 ). The mean longest diameter of the main thrombus was 25.9 mm in the warfarin treatment group, and 24.7 mm in the control group.
Response of portal vein thrombosis to warfarin treatment
Duration of warfarin treatment was 112 ± 62 days (mean ± standard deviation) and a mean dose 2.7 mg/day was used. PT (International normalized ratio [INR] ) in the warfarin treatment group was 1.90 ± 0.41, which showed no significant difference to that in the control group (1.43 ± 0.18). In the warfarin treatment group, 11 of 14 (78.6%) patients showed thrombus resolution (complete resolution in six; partial resolution in five), whereas only five of 14 patients (35.7%) showed thrombus resolution in the control group (P=0.022, Table 3 ). A case of complete PVT resolution after warfarin therapy is shown in Figure 2 . Without anticoagulation therapy, three patients (21.4%) showed complete resolution, and two patients (14.3%) showed partial resolution of the main thrombus in the control group. Another three patients (21.4%), however, had thrombi that increased sized of the main thrombus or newly developed thrombus in the control group, compared to only one patient in warfarin treatment group. Response of thrombus, but, showed no significance after Kaplan-Meier analysis (P=0.156, by generalized Wilcoxon) A 4-fold increase of AST and ALT was noted as a warfarin-related complication at 72 days after the initiation of treatment in only one patient, who as a result had to stop warfarin treatment within 2.5 months. Two patients expired in warfarin treatment group after the cessation of warfarin therapy; one patient expired two years after treatment due to septic shock and the other patient expired one month after cessation of treatment due to chemoembolization-induced renal failure. On the other hand, four control patients expired during follow-up because of esophageal variceal bleeding, hepatorenal syndrome, septic shock and subarachnoid hemorrhage, respectively. In the warfarin treatment group, bleeding or any other complications were not observed, and no other patients had to have their therapy interrupted.
Predictors of thrombus resolution
Among patients in the warfarin treatment group, responders A B (n=11, 78.6%) were analyzed with non-responders (n=3) ( Table 4) . The proportion of patients with a duration of PVT detection to treatment initiation of more than 6 month was much higher in non-responders than in responders (66.7% vs. 0%, P=0.033). Responders were more likely to have smaller main thrombi (24.4 mm vs. 31.7 mm, P=0.208), lower prevalence of heavy alcohol drinking (18.2% vs. 66.7%, P =0.176), higher white blood cell and platelet counts, and less thickness of the spleen, even if they were found to have received a shorter duration of anticoagulation therapy and were older than non-responders. Spleen thickness at the beginning of the study was the only significant predictor of response (P=0.038).
DISCUSSION
In this study, we used propensity score matching to assess cirrhotic patients with non-malignant PVT. Recently, propensity score matching has been used in retrospective cohort studies in the field of hepatology to minimize selection bias. 12, 13 After propensity score matching, the baseline characteristics were more accurately matched between warfarin treatment group and control group patients. Anticoagulation treatment allowed remarkable resolution of thrombosis, although most of the patients with ascites or gastroesophageal varices were generally considered to have decompensated cirrhosis. The number of patients with partial or complete recanalization was significantly higher in the warfarin treatment group (11/14) than in the control group (5/14) . The longest diameter of the main thrombus and the proportion of patients with thrombi in more than two vessels, were similar in two groups, but no patients in the warfarin treatment group developed additional PVT lesions while receiving warfarin, compared to three patients in control group who did.
There are limited data demonstrating whether anticoagulation treatment is effective and safe, though it has shown promise in several studies to date. A 50% rate of patients with portal vein recanalization was reported with low molecular weight heparin in 38 patients with cirrhosis with an episode of non-severe variceal bleeding.
14 Another study reported complete resolution in 75% of 39 patients with enoxaparin for 6-17 months. 6 A recent study of 55 patients with PVT and cirrhosis reported a 60% response rate. 7 Given that the mean warfarin treatment duration was 111.9 days, it is noteworthy that the present study showed thrombus resolution in 78.6% of patients. Overall, 64% of patients (9/14) were characterized by a history of malignancy such as hepatocellular carcinoma and colon cancer, which is a well-established risk factor for thrombosis, while the populations of previous studies contained none and two patients with hepatocellular carcinoma respectively. In contrast to previous studies, warfarin was chosen to treat PVT in the present study, and the difference in PT (INR) during the treatment period was only 0.52±0.45. Liver cirrhosis, especially in patients with an advanced stage of the disease, 15 is no longer considered to be a hypocoagulable state. In fact, a hypercoagulable state is present in patients with liver cirrhosis because levels of liver-derived anticoagulant factors are usually decreased more than those of procoagulant factors. Consequently, patients with liver cirrhosis have a high relative risk of thrombosis. 15, 16 The INR value in liver disease is suspected to overestimate bleeding risk and the international sensitivity index as determined by plasma from patients on vitamin K antagonists, 17 which allowed no adjustment of reduction in anticoagulant proteins. 18 This might explain the achievement of warfarin anticoagulation with lower INR level on thrombosis in present study. However, the hemostatic balance in cirrhosis can be easily dysregulated in certain conditions. 19 One study reported that anticoagulation with enoxaparin in patients with cirrhosis caused no serious side effects, including bleeding, during 6-17 months of treatment. 6 In the present study, no significant bleeding events occurred, but early termination due to the elevation of liver enzymes did. Another study showed bleeding complications in 9% (5/55) cirrhosis patients during a 12 month period. A platelet count of < 50 × 10 9 /L was the only factor significantly associated with a higher risk of bleeding complications. 7 Once variceal bleeding occurs, it is difficult to control in patients with cirrhosis and PVT, and the 1-year survival rate decreases to 61-86%. 20 Prophylaxis is therefore important before starting anticoagulation treatment. It must be taken into account that there are concerns about the difficulty of performing hemostasis because of severe bleeding complications, especially in patients with advanced cirrhosis. Controversy still surrounds the efficacy as well as the safety of anticoagulation, and further research regarding these issues should be performed. The present study identified factors related to a higher probability of resolution. Between responders and non-responders, there were significant differences in the duration between thrombus detection and the initiation of warfarin therapy, and in pre-treatment thickness of the spleen, suggesting that these might be predictors of response to anticoagulation therapy. One study has described these predictors of response previously. Delgado et al. reported that early initiation of anticoagulation therapy in the first 2 weeks after the detection of thrombosis was the only factor significantly associated with recanalization, but did not investigate the parameters related to the spleen. 7 The study population was enrolled within 6 months of thrombosis detection during scheduled imaging studies, and both studies suggest the importance of early PVT detection and initiation of anticoagulation in the context of the irreversible progress of PVT with chronicity.
The main limitation of this study was a small study population. Propensity score matching analysis was performed to select the control group, and allowed selection bias to be minimized. 4 Additionally, PVT may progress or resolve spontaneously, and it is possible that the size of thrombi appears to be modified by warfarin because of a favorable course of non-malignant PVT in cirrhotic patients. One study reported that partial PVT progressed in 48%, improved in 45%, and remained the same in 7% of 42 patients with cirrhosis. 21 In the present study, PVT progression was seen in only two (18.2%) patients, no change was seen in six patients (54.5%), and three patients were lost to follow-up 252 days after the cessation of warfarin therapy. The non-response group included one patient with no change and two patients who were lost to follow-up. The natural course of non-malignant PVT is not yet clear. Due to the short duration of follow-up, improvements in PVT-associated morbidity and mortality rates could not be elucidated in this study. Villa et al. demonstrated in a recent a prospective study that there was significantly less frequent liver decompensation in patients given enoxaparin (11.7%) for 12 months than in control patients (59.4%). 8 In the present study, the proportion of patients who received endoscopic variceal ligation after the occurrence of PVT was higher in the non-response group than in the response group, although this difference was not statistically significant (66.7% vs. 36.4%).
Currently, there are a number of unresolved issues concerning the management of PVT. In conclusion, warfarin therapy might result in the resolution of non-malignant PVT effectively and safely in patients with liver cirrhosis. Patients with a period between first thrombus detection and the initiation of warfarin therapy of less than six months, and those with less splenic thickness, could have greater responses to anticoagulation therapy. This suggests that the age of non-malignant PVT, and the severity of portal hypertension, might be crucial predictors of the effect of warfarin therapy on non-malignant PVT. Further study is needed to verify the benefits of anticoagulation for non-malignant PVT in patients with cirrhosis. Furthermore, establishing practical guidelines based on reliable evidence is also needed.
